This study investigated the effect of different timings of milk intake on body iron stores and improvement in the dietary habit of female collegiate rhythmic gymnasts. Subjects took iron tablets at both breakfast and dinner times during a weight-loss period. In addition, subjects ingested low-fat milk twice a day either at breakfast or dinner (group I; n= 7), or between meals (group II; n=6) for 3 mo. Blood was collected four times. Red blood cell count, hemoglobin, serum iron, ferritin and erythropoietin concentrations were mea sured. Subjects completed a dietary survey for three consecutive days before each blood sampling. The mean body fat in both groups I and II was significantly lower after 3 mo than at the start of the study (p<0.01). Red blood cell count and hemoglobin of group I were sig nificantly higher as compared to those of group II (p<0.05). Serum iron concentrations and transferrin saturation values remained unchanged in both groups. Serum ferritin concen trations in group I were significantly higher 3 mo after the start of the study, but this was not observed in group II. Energy and carbohydrate intake in group II, but not in group I, were significantly lower after 3 mo as compared to those after 1 and 2 mo as a result of miss ing meals. In conclusion, iron-supplemented meals via milk ingestion did not decrease body iron stores and maintained higher body iron stores compared to a diet that included milk in take between meals. Further, milk intake with meals is related to keeping regular meal times and frequency.
It is well known that phytate, tannin and some types of dietary fiber inhibit iron absorption in the small intes tine (1, 2) . Ascorbic acid is an enhancer of iron absorp tion in adults (3), infants and children (4) (5) (6) . However, the precise mechanism of iron absorption connected to the development of iron-deficient anemia in humans is unknown. In addition, the effects of intensity and dura tion of exercise on the absorption of different iron com pounds remains to be determined.
Rhythmic gymnastics is one of the most stressful sports. Many athletes involved in rhythmic gymnastics lose weight to improve performance. Most athletes therefore repeat weight gain/loss cycles several times. Nutritional surveys have shown suboptimal calcium, iron and zinc intake in elite rhythmic gymnastics (7) .
Losing weight can be accompanied by an imbalance in energy intake and expenditure. A positive correlation between dietary energy intake and the intake of essen tial nutrients including protein, carbohydrates and iron is well accepted. It appears, therefore, that iron intake may possibly decrease during a period of weight loss. Losing weight through inadequate dietary intake has been reported to result in nutritional problems includ ing eating disorders, iron-deficient anemia, protein-en ergy malnutrition, anorexia, bone fractures and osteo * E-mail: kawano@jwcpe.ac.jp porosis (8) (9) (10) .
Iron deficiency is often associated with impaired en durance work capacity in humans and rats (11) , and iron supplements may be useful in treating and pre venting athletes from iron-deficient anemia (12) . On the other hand, low calcium (Ca) intake increases the risk of osteoporosis (13) . Calcium was the only nutrient measured in the National Nutrition Survey for Japanese that did not meet the Recommended Dietary Allowance in Japan (14) . Milk is one of the most convenient sources of calcium and protein. Combining hamburger with milk at meals has been reported to inhibit non heme iron absorption (15) , while other studies have not shown an effect of calcium on iron absorption (16) . Most studies have examined the effect of milk intake on intestinal iron absorption in the short term, however, little has been reported on the effect of long-term intake of milk on intestinal iron absorption.
This study was designed to determine if milk intake during a meal decreases body iron stores in female ath letic students during a three-month weight-loss pro gram, and to examine the effect of milk intake during a meal in terms of improving their nutritional status. milk with iron supplementation during breakfast and dinner for 3 mo prevented iron loss in female collegiate athletes as compared to milk intake between meals. Further, milk intake during meals enhanced body iron stores as judged by the increased serum ferritin level (Table 2) . During this study, the physical activity level of the subjects increased from 1.83 (units) (baseline) to 2.26 (units) over a 3-mo period (subjects were evaluated using the RDA physical activity standard). Similarly, the estimated energy expenditure per day also changed from 2,093kcal/d (baseline) to 2,121kcal/d (1 mo), 2,233kcal/d (2 mo) and 2,493kcal/d when the study concluded (3 mo). All subjects maintained their usual athletic training throughout the study and showed a body fat decrease of approximately 2%.
SUBJECTS AND METHODS

Subjects
There is abundant evidence that some biochemical components of a meal influence non-heme iron absorp tion. Phytate, tannin and some types of dietary fiber in hibit iron absorption in the small intestine. On the other hand, ascorbic acid is widely believed to enhance iron absorption. Other components including unknown ones found in food also may have some inhibitory or en hanced effect on intestinal iron absorption.
Previous observations of the effect of oral calcium in take on iron absorption are inconsistent. Although oral calcium intake interferes with iron absorption at the in testinal level (18) (19) (20) , neither enhanced nor inhibited effects on iron absorption resulting from the ingestion of milk has been reported (21, 22) . Barton et al. (20) , using electron microscopical observations and quanti tative studies of the mucosal uptake and transfer of iron, indicated that calcium reduced the entry of iron to the microvilli of intestinal epithelial cells in rats. From that observation, they concluded that individuals con suming a high-calcium diet containing marginal amounts of iron could develop iron-deficient anemia, which might explain why infants who are fed cow's milk have a greater incidence of iron-deficient anemia than those fed human milk.
Tidehag et al. (21) determined whether or not milk, with its high calcium content, adversely affected the ab sorption of non-heme iron from single-meal studies, and estimated the apparent iron absorption (balance) and plasma ferritin concentration with ileostomy sub jects. Their results indicated no decrease in apparent iron absorption during milk-diet periods. Furthermore, Turnlund et al. (22) studied the availability of iron from cereal-based diets with and without milk by use of 54Fe. They reported that in vivo and in vitro effects may dif fer, and that the absorption of iron from cereal-based diets is neither enhanced nor inhibited by the addition of milk. Gleerup et al. (16) compared the duration of the inhibitory effect on non-heme iron absorption of cal cium (340mg) from milk and cheese in a breakfast meal to a hamburger meal at 2 or 4h after breakfast, and found no durational effect of calcium on iron ab sorption. This strongly suggests that the inhibitory ef fect of calcium on iron absorption might be of short du ration (16) . Since these results were obtained from sin gle meals, observations might not reflect habitual ef fects. In studies on the relationship between iron ab sorption and iron status, it is advantageous to estimate absorption not just from a single meal, but from the whole diet over a period of time (23) .
Ohta et al. (24) reported that fluctooligosaccharides (FO) improved recovery from anemia. FO intake in creased the Ht ratio, Hb concentration and Hb regener ation efficiency during the first week, and increased the absorption of iron in iron-deficient rats. Hallberg (25) reported that the percentage of iron absorption from complex meals ranged from 2.2-45.0% depending on the content of meat, ascorbic acid, organic acids, bran and other substances. Cook et al. (26) also investistiated the effect of diets on dietary non-heme iron absorption estimated by serum ferritin concentrations, and re ported no significant difference in dietary absorption between the subjects that consumed their usual diet (6.4%) and those who followed diets to promote iron maximum absorption (8.0%). This suggests that non heme iron bioavailability is unchanged under various dietary conditions. The results obtained from serum fer ritin concentrations indicate ferritin measurements may be important for assessing a precise nutritional condition at the whole body level. The results of Turnlund et al. (22) suggest that the absorption of iron from cereal-based diets is neither enhanced nor inhib ited by the addition of milk. This observation is consis tent with our results that serum ferritin concentrations were not decreased in group I, but rather enhanced with the addition of milk at 3 mo after dietary interven tion.
We investigated body iron stores to estimate body iron bioavailability by varying the timing of milk intake for 3 mo. Female athletes, especially those participating in rhythmic gymnastics, are particularly prone to iron deficiency and iron-deficient anemia. A long duration of vigorous physical exercise may be associated with iron absorption disorders and an increased loss of iron in sweat, feces and urine (27, 28) .
An important finding in this study is that the repre sentative athletic diets taken by our subjects, especially during weight loss periods, were nearly optimal with re spect to preventing anemia because the diets involved 50-60g of protein and 16-18mg of iron per day throughout the study period. Female athletes who in gested milk simultaneously with iron-supplemented meals twice a day for 3 mo had enhanced body iron stores compared to the athletes who had milk between meals. The intake of energy, protein, carbohydrates, cal cium, iron and vitamin C were similar for the two groups. The ratio of dietary calcium to iron intake de creased significantly in both groups (Table 3) , and the value almost reached the recommended daily al lowance in Japan (29) . Although the ratio of dietary vi tamin C-to-iron intake decreased significantly in group II after the start of the study, the ratio of dietary vitamin C-to-iron intake in group I remained unchanged throughout the study. These observations suggest that the ratio of dietary vitamin C-to-iron intake do not al ways affect serum ferritin levels.
Pallares et al. (30) studied the influence of a commer cial cereal-milk formula with bovine blood on iron, cal cium, phosphorus and magnesium metabolism in con trol and iron-deficient rats, and found that when the iron content of the cereal-milk formula was doubled by supplementation with bovine blood, the overall iron status improved in the iron-deficient rats. Under our ex perimental conditions, it seems likely that the increased intake of iron (16-18mg) also enhanced iron stores ef fectively.
Although the total intake of protein did not change throughout the study, calcium and iron intake in creased significantly 3 mo after the start of this study. Furthermore, meals with milk did not affect some nutri ent intake during the study, but athletes who had meals without milk showed some changes in daily nutrient in take as a result of skipping meals.
Based on these results, we conclude that iron-fortified meals with milk do not affect body iron stores, but im proved nutrient intake results from maintaining regular meal times and frequency.
